-1- METHOD FOR PRODUCI NG BONDED WAFER BACKGROUND OF THE I NVENTION 1. Field
of the Invention 5 (0001] This invention relates to a nethod for producing a
bonded wafer, which conprises steps of inplanting ions of a light el enment
such as hydrogen, heliumor the like into a wafer for active layer at a
predeterm ned depth position, bonding the wafer to a wafer for support
substrate, and thereafter subjecting td'a heat treatnent to exfoliate the
ion inplanted portion as well as a bonded wafer 10 produced by such a

met hod. 2. Description OMETHODRORPRODNCINGAORDENSWAFERMEt hod for produci ng
a bonded wafer, there is, for exanple, a so-called smart cut nethod

conprising a step of inplanting ions of a light elenment such as hydrogen,

heliumor the like into a V?A@kGB@{UWUFVﬁ-I %‘gég?i%ﬁ 15 predeterm ned depth

position to forman ion inplante ayer, a s onding the wafer for
active |layer flo Rieldhéfahe Inventimpport substrate through an insulating film a

step of exfoliating the wafer at the ion inplanted | ayer, and a step of
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According to 20 this smart "cut , a por e wa
after the bondekium ontheike inte o wafer forastive Mpdrat a predetetmined dkipilf position, from t he

conventional bondi ng techni que By such recycli,n an be used one wafer

(waf er for ac???fgng &f@\"’?ﬂitﬁ i rlﬁ%‘?fﬂ%‘lf’rt ﬂﬁf‘@%’ﬁ%hﬁ?ﬁﬁ?’rﬁé‘ JEC A | eads the
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method is excellent in the uniformty of film 25 thickness, so that the

smart cut lfet peaduped byourlkeemedoda production method with future potential .
[ 00031 Howevesp, ?gﬁ%{ioﬁgﬁhpﬁgﬂﬁﬁ:x fer produced by the smart cut nethod,

damage of about un remains 1Tn the exfoliated surface of the active

| ayer due to[0602] exfAd thatietidbddbr frb¢ucingn bondedwhfes] thes is| fof cxabfyde,af ore, it is
required to 30 coq%uct a treatpent for renoving the damage, and there is a
sacrificial oi‘?‘&ﬁr Sart gyt ’&cﬁhﬁg‘t@“#‘@d’rﬁ?ﬁq‘ﬁé@}%ﬂ% iops oAgplightt he sacrificial

oxidation is eRBAHCHER adlydPogen, helium or the like into a wafer for active layer at a

1§  predetermined depth position to form an ion implanted layer, a step of bonding
the wafer for active layer to a wafer for support substrate through an insulating
film, a step of exfoliating the wafer at the ion implanted layer, and a step of
thinning a portion of an active layer exposed by the exfoliation through polishing
to form an active layer having a predetermined film thickness. According to

20  this smart cut method, a portion of the wafer exfoliated after the bonding can be
recycled as a wafer, which is different from the conventional bonding technique.
By such a recycling can be used one wafer (wafer for active layer) in the bonded
wafer plural times, which leads the way to reduce the material cost. Also, the
wafer produced by the smart cut method is excellent in the uniformity of film

28  thickness, so that the smart cut method is noticed as a production method with
future potential.
[0003] However, as for the bonded wafer produced by the smart cut methed,
damage of about 100 nm remains in the exfoliated surface of the active layer due
to the exfoliation of the ion implanted portion. Therefore, it is required to

30 conduct a treatment for removing the damage, and there is a sacrificial oxidation
as & typical technique therefor. When the sacrificial oxidation is conducted at a
high temperature, however, there is caused a problem that dislocation existing in

the damaped layer extends into the inside of the active layer during the heat



hi gh tenperature, however, there is caused a problemthat dislocation
existing in the damaged | ayer extends into the inside of the active |ayer
during the heat -2- treatnent and cones to the surface as a surface defect

at the subsequent step. Also, the wafer after the sacrificial oxidation is
di pped in hydrofluoric acid (HF) to renove an oxide filmand subjected to a
rei nforcenent heat treatnent and a plaarization heat-treatnent for
enhanci ng the bonding strength, but the peeling 5 of the active layer is

caused by the I Li i t t t i ghs tenperature
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the quality of the bonded wafer. U NVENTI 0005] It is,
t heref ore, an agid;and thedtckingof the/bondingrstrergtihrand heuse share istrousefi @rprohlernduci ng a

bonded wafer i pch . th rathon.of defects.in.the active.layer 20 can
be suppressed t}g%g@teg% a{etﬁ%ggfﬁ{éggmiglﬁ Qlﬂ%’]fgﬁ %@W%&f%ﬁ a@gﬁ??yﬁﬁgus |y

conducti ngipa fhrdleh. heat treatnment step of sacrificial oxidation for reducing
damage on a surface of the active |layer exposed through the exfoliation and

a second heat [040bat ndince be epnerasionofidefaets ary tha scatieries Wgheicknes pf under
predet erm ned g, £LORML Ea %ingﬁa%ov][&%ﬁicaﬁtr\:aﬁr@cn&@oﬁ&ic@}égf}:@%ﬁ@%(? obj ect,

the sunmary and constructi 0 e Invention are as A net hod
f or produci ng davibopafamardead thehivaflr, itdnesiredn devebp p medfodifopgradicingg i ons of a
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15  suppressed in the bonded wafer and the thickness uniformity of the active layer

can be ensured in order to improve the quality of the bonded wafer.
SUMMARY OF THE INVENTION

[0005] It is, therefore, an object of the invention to provide a method for
producing a bonded wafer in which the generation of defects in the active layer

20 can be suppressed and the thickness can be uniformized by continuously
conducting a first heat treatment step of sacrificial oxidation for reducing damage
on a surface of the active layer exposed through the exfoliation and a second heat
treatment step for enhancing the bonding strength under predetermined
conditions.

25  [0006] In order to achieve the above object, the summary and construction of
the invention are as follows.

" (1) A method for producing a bonded wafer which comprises a step

of implanting ions of a light element such as hydrogen, helium or the like into a
wafer for active layer at a predetermined depth position to form an ion implanted

30 layer, a step of bonding the wafer for active layer to a wafer for support substrate
through an insulating film, a step of exfoliating the wafer at the ion implanted
layer, a first heat treatment step of conducting a sacrificial oxidation for reducing

damage on a surface of an active layer exposed through the exfoliation and a



wafer for active layer at a predeterm ned depth position to forman ion

I npl anted 30 | ayer, a step of bonding the wafer for active layer to a wafer
for support substrate through an insulating film a step of exfoliating the
wafer at the ion inplanted |l|ayer, a first heat treatnent step of conducting
a sacrificial oxidation for reducing damage on a surface of an active |ayer
exposed through the exfoliation and a -33-second heat treatnent step of

rai sing a bonding strength, in which the second heat treatnent step is

continuously c I.I.St treat nt st wi t hout renoving
an oxide filmF g?‘!‘r@r‘ %g“?%“rtﬁ‘g"ts’i"PP(fm{:“és‘B& F@%ﬂ% t?‘ 9‘? (2) A

net hod for prOmtrmﬂwpdEdOMﬁml}G&ﬂ@ﬁdﬂém&ﬁlelﬁrﬂfﬁeﬁﬂ&eaﬁﬂed{\/@l@ ein the
first heat treatprent step is a heat treatnent in an oxygen at m)sphere of

not hi gher thaWt @mqmoxe%ﬁlmmM%ﬁmeﬁmemgn@lbmded waf er

according to i (1) (okh step is a
heat treat nment [0?0 duc An anOd é/r%&ug]ﬂeb&??‘ggrg%pg Brﬁﬁér@%ﬁ@) not | ower
t han 1050C $ orwhcrbmlthsﬁrst hantr@atthenthyeprisa hédd GeRinciriaan dkygentatmésphert Nvent i on,

it is possible net hod for producing a bonded wafer in which
t he generatlon°f£¥?0 g@ﬁ ﬂgn?iw Ehe active | ayer can be suppressed and the

t hi ckness can fgosini f f:d at
treat ment st ephgf qsac??ﬂ%%%ltﬂb\gxfﬁgﬁt I on Mﬁ%‘?ﬂﬁ%ﬁ?ﬁ%@ df@s@%&g surface
of the active (&yﬂmm#mssecbnﬂthlcdughtmdntestep(fscalheaittmannmudomiusmdﬁnm heat

condi 11 ons. - BFEBHEIRRRER AR BT AL BNGE [S010TorAPRIRLE & 1 ow chart
condi ti ons a flow char
showi ng pregluckdued) steps of a bonded wafer by 20 a production method
according to the invention, wherein (a) shows a wafer for active |ayer
treated by a tH8PHal dererdingde theinyentom ks Phﬁ;lhlmfomm\’léframthpdéorl ayer

| npl anted w tg?rgdu in sﬁbonﬁ?& wﬁﬂ ﬁcmf% nJr i no%%@@sfs i bSttrx?tl (d) shows a
state of bon ?ﬁ?w f)e %}3 AT K RPVE IRYRL o ately

after the exf ﬂhlbatsuppiesaéd methuﬂidkhesfs @én beiiftemizey by cédinaogdy heat treat ment,

(f) shows a state 25 of,k a bonded wafer after the exfoliatjon of the wafer
for active | ayendugting adjisheatfreatment step of sacrificial oxidation for reducing damage

15  on a surface of the active layer exposed through the exfoliation and a second heat
treatment step for enhancing the bonding strength under predetermined
conditions.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] FIG. 1 is a flow chart showing production steps of 2 bonded wafer by

20  aproduction method according to the invention, wherein (a) shows a wafer for
active layer treated by a thermal oxidation, (b) shows the wafer for active layer
implanted with H" ions, (c) shows a wafer for support substrate, (d) shows a state
of bonding both wafers (b) and (c), (¢) shows a state immediately after the
exfoliation of the wafer for active layer through heat treatment, (f) shows a state

28  of a bonded wafer after the exfoliation of the wafer for active layer, (g) shows a
bonded wafer immediately after a first heat treatment, (h) shows a bonded wafer
immediately after a second heat treatment, (i) shows a bonded wafer immediately
after the removal of an oxide film with HF solution followed by the second heat
treatment, (j) shows a bonded wafer immediately after a planarization heat

30 treatment, and (k) shows a state of polishing the bonded wafer,

FIG. 2 is a flow chart showing a part of production steps of a bonded
wafer by the conventional production method, wherein (a) shows a bonded wafer

immediately after a heat treatment for sacrificial oxidation, (b) shows a bonded



bonded wafer imredi ately after a first heat treatnent, (h) shows a bonded
wafer imediately after a second heat treatnent, (i) shows a bonded wafer

i mMedi ately after the renoval of an oxide filmw th HF solution foll owed by
the second heat treatnent, (j) shows a bonded wafer inmediately after a

pl anari zation heat 30 treatnent, and (k) shows a state of polishing the
bonded wafer. FIG 2 is a flow chart shag.ng a part of production steps of a
bonded wafer by the conventional production nethod, wherein (a) shows a

bonded wafer i diate]y after. a hea r eat, fo acrificial  oxidation,
(b) shows a boﬁ%g%@mcaﬂy@fﬁﬂﬂ}mﬂéé%?‘%‘gégﬁ?P‘f’é‘gl}%n’i?%'l‘?‘néf‘“alhcoxi de film

Wi th HE ol Ut | Qbrifel bidhfon, B SEdvd Phablied WP T RBliathPeB PN @ bOnded wafer
i mMedi ately after a heat treatnent for enhancing a bonding strength and

pl anari zi ng a \rgatorent fonenbauding s hondingstengthand plaparizisgia wafet,lsad (dnded wafer. 5
DESCRI PTI ON CF ,THE PREFERRED. E | MENTS [ 0011] The nethod for producing a
bonded waf er aéh%‘?soﬁ °P§§‘5H8’HW%W : be described with reference to

the acconpasyi ng dr awi DBSCREFTION GQPOVHEIPREFERRED EMBODIRIENTRI t showi ng st eps
of produci ng a bonded wafer b t he production nethod of the invention. 10

[0013] The prod®Hd] on Theimesbodfor produsing e hendsd water aceondiogita thel invention cut

nmet hod conpri si f -oxhdi zi na at. | east_one: si de surface of a
wafer 1 ][rgr aé’{*lﬁ’egﬁ?ﬁf}gﬁ ‘%’%ﬁ]&o&%%g&(ﬁ%saﬁ?o a%mg ﬁfﬂﬁﬁl@%(bgoﬂ'con oxi de film
on such a surfene] (FIFEG. L i afldw chméh%mgmeﬂstfm?rdaﬁciaghb&i&ed@&amsit such as

hydrogen, helium or the like into the wafer or active layer at a
predet er m ned degredustien methad efthe faveptiomapl y dept h position of 400-600 nm

(FIG 1 (D). Wﬁgi ng mﬁ%%ﬁn ﬁthhﬁg omg%vegﬁgrﬁrs 2 SHRRA i3t rat e and

exfoliating at ionl ed portronb eat treatnment. The bonded
waf er pr oducednithodlremprising stepst of iisdrinaHoxidiging at easibheside batfacdof e okafer ar e

generated to deteriqgraie th leld que t a e prodguced on the surface of
the active Iay&hwg?fayﬁé" %%b‘?‘ﬂlaf'ﬁ%}wgafﬁmtd%gﬁg%o’ﬂéeg WEYeportion. In
the conventi onghrrice ¢YeS. 948).fiRpladGhy/ioRE of i ght RIeARhEMCh 86hydddRUhelilmM! G 2,
there is used a pro'guptigﬁ»r}e?ﬁod é(:/c()"rrp(r)il“silglhg ae heat trea% rr‘gér%t’ slt ep (FIG
2(a)) of conduert thadike inse ibeiveaferi ] fox aative layer ftorpredetimmined depth pdsiierge on

15 (preferably depth position of 400-600 nm) (FIG. 1 (b)), bonding the wafer to a

wafer 2 for support substrate and exfoliating at the ion implanted portion by a

heat treatment. The bonded wafer produced by the smart cut method has a
problem that defects are generated to deteriorate the yield due to damage
produced on the surface of the active layer after the exfoliation at the ion

20 implanted portion. In the conventional technique for solving this problem, as
shown in FIG. 2, there is used a production method comprising a heat treatment
step (FIG. 2(a)) of conducting sacrificial oxidation for reducing the damage on
the surface of the active layer exposed by the exfoliation, a step of removing an
oxide film on the surface of the wafer (FIG. 2 (b)) and a heat treatment step (FIG.

25  2(c)) for enhancing the bonding strength and planarizing the wafer. However,
the conventional sacrificial oxidation is carried out at a high treating temperature
‘of about 950°C, so that there is a problem that dislocation existing in the damage
on the surface of the active layer extends into the inside of the active layer during
the heat treatment and comes to the surface as a surface defect at the subsequent

30 step. Also, in the conventional technique, the neighborhood of the surface of
the active layer retaining a hydrogen implanted damage is oxidized at the
sacrificial oxidation step to render the damage area into SiO; (oxide film 11) and

then the oxide film 11 is removed with HF solution to eliminate the damage area.



the surface of the active | ayer exposed by the exfoliation, a step of
renoving an oxide filmon the surface of the wafer (FIG 2 (b)) and a heat
treatment step (FIG 25 2(c)) for enhancing the bonding strength and

pl anari zing the wafer. However, the conventional sacrificial oxidation is
carried out at a high treating tenperature of about 950C, so that there is
a problemthat dislocation existing in (ke damage on the surface of the
active layer extends into the inside of the active layer during the heat
treatment and ﬁﬁg@s to the surface as a surface defect at the subsequent 30

step. Also, in CRnRFRYED HArndsde Fmayqe Petipkeraigmprstioneldher the surface
of the actlvein:aiiify SRt RLACE a3l T M8 of HDLARL SehidAIRESalF sl 20d at

the sacrificial oxidation step to render 't nage area I nto 2 (oxide
film11l) and wndidnrréthavedxi Aea fashitnat theisabsequany heht wiedtmehistepaforienihancihg

elimnate the da area. -5+ | n this_ case, however, jt tends,to renove a
peri pher al edg@cgg‘?cﬁ?%ﬁm(?gt.htaﬁgpl@%?%@‘ﬂ@?% ﬁﬁellﬁ)?j"é‘?%‘lo“ Hf’ﬁ]&mttg‘?tr‘%&e regi on
of the vafes, xive hyBSis patialy béefleﬂmbﬂgﬁ?%aﬁﬁﬁaﬁw%m%ﬁt@g@% t, at the

subsequent heat treatnment step for enhancing the bonding strength and
pl anari zi ng t hisedefeets and breakethe thicknessawhiformitpbf thenactivatlayehe 5 active |ayer is

partially peel ff the planarization heat. treatnent t enerate the
def ects and br@gkﬂt hel%ﬁf'gﬁwg’é’ “&%W@Wﬁ’ws 6?‘#?1@@8%?/‘@9@&}%?5: 014] The
i nvent ors havedigmeered amethod 51 prodwsngOdbdnded @bﬁvm\om@bt}ﬂrmnﬁﬂgistraiﬁﬂﬁover ed a
met hod for producing a bonded wafer 1 n_which the bondi ng strengt IS

i nproved wi t ho§imprewes, without rnqying the perinberal gdaeportiqng thefinpulasing ) ating film

10 at the nd ' | t] t t r eat ment
step for gdr)lhaﬁgl?én%hg %ﬁeﬁlﬁ%ﬁg‘? %%‘#’E‘%ﬁgﬁé%g@%@gﬁ%ﬂ& rﬁapg%‘?g@%tforst ep) after
the heat treadnhemingthepoiditg sragthi(iccbid heakircitinemtitep) aftedthdteat treat ment)
before the renoval of an oxide fi] m,pré)duced on the surface of the active

| ayer and henc&ament st forsgenficial oyidation (fiygt heatyreatment) bsforg theyemewdoht ¢ he
subsequent pl i | t : ‘?ﬂﬁg 4 of
defects can bgﬂgﬁ%ﬁ?ﬁe@g‘% an O{IL%%?ﬁ%kogé%s&%gﬁlaggﬁngﬁﬁ?%rm %H*.’EF%OE] In a
concr et e produbt agivedetehom eqrevedied gt the stlisequentplatarizationdwattieatmenti n FI G 1,

i f aljght el t h |.C i npl ant ed i fer f ti
| oyer Chaui i erasf TR $epRiBion P oan el ba R o mAlbOnTEs el { B e H &
1(a)) to uniformized.

[0015] In a concrete production method according to the invention, as shown

in FIG. 1, ions of a light clement such as H™ are implanted into a wafer for active
layer having a thermally oxidized insulating film 3 on its surface (FIG. 1(a)) to
20 form an ion implanted layer 4 at a predetermined depth position from the surface
(FIG. 1 (b)). Then, the wafer 1 for active layer is bonded to a wafer 2 for
support substrate (FIG. 1 (d)) and heat-treated in a nitrogen atmosphere at a
predetermined temperature, preferably within a range of 400-600°C to exfoliate a
remnant 5 of the wafer for active layer at the ion implanted layer 4 (FIG. 1 (¢)).
25 Thereafter, an active layer 7 exposed by the exfoliation (FIG. 1 (f)) is subjected
to a sacrificial oxidation (first heat treatment step) for reducing damage on the
surface of the active layer exposed by the exfoliation under predetermined
conditions, preferably in an oxygen atmosphere of not higher than 900°C as
shown in FIG. 1 (g). After the first heat treatment step, as shown in FIG. 1(h),
30  the bonded wafer is subjected to a heat treatment under predetermined conditions,
preferably in an oxygen or nitrogen atmosphere of not lower than 1050°C for not
less than 2 hours without conducting the removal of an oxide film on the surface

of the active layer with HF solution (second heat treatment step). Then, after a



20 forman ion inplanted |layer 4 at a predeterm ned depth position fromthe
surface (FIG | (b)). Then, the wafer | for active layer is bonded to a
wafer 2 for support substrate (FIG 1 (d)) and heat-treated in a nitrogen
at nosphere at a predeterm ned tenperature, preferably within a range of
400-600C to exfoliate a remant 5 of the wafer for active |layer at the ion
i npl anted layer 4 (FIG 1 (e)). 25 Ther_ebqfter, an active layer 7 exposed by
the exfoliation (FIG 1 (f)) is subjected to a sacrificial oxidation (first
heat treatment step) for reducing damage on the surface of the active |ayer
exposed by t hetepof gichingiand ramnying the exide Shmil hfumed on thetwaferssurfpecdfyer abl y in an
oxygen at nosphere ' t . shewn. | . (g). After the
first heat treatien gt@?‘ey%%uegga%g r(%\t/i\nfltﬂ} %grg{l:ﬁ%%c ea&ﬁ‘ggﬂ@hg%gégdgmf er is
subj ected to gijekd active hiyeiehis subjetéd oragsaiaeivadonddacfiathdnt (FIG. 1 (py ef erably in
an oxygen or nitrogen atnosphere of not |ower than 1050C for not |[|ess than
2 hours wit hodhd dsRduarsdhy nobishipgFdGal (o). Jrhusit Weossibletaproducs asur f ace  of

b6 St op ot Hpddier st b uBthelHERE fediitlon oF SELAF I mE RARL1pyBel 2101
surface by i mmduosiformitibgethedibdehickveter 101 in a predeterm ned cl eaning
solution (FIG [ the actjve layer 7 is subjected to a planarization
heat t rea’g _mant[millﬂgi )%FPV“aﬁ’G ‘{'ﬁg‘ﬁattt%/ﬁamfé’HStBE/‘sﬁB‘JFfF@hﬁeﬁbi’? FF‘EQQ_ | (k)). Thus,
[ 1S pOSSi bl Grehndhf fiCRyBerrauBRIE] orabANINRBARBYY. SYRRIESRLRD ! e

generation of defects In e actrve layer ormzing the film
t hi ckness. (0Gk6fingviemperaturg excheals 900, theeals atfeaabatehnt dagtagpin the petivker abl e t o

be a heat _treatnent in.an oxygen mosphere qf not hi.gher than 900C. Wen
the heat %_"r ej?yleﬁ € t@?r%é?@tlg? ﬁ@%&g@’&?‘gﬁa@fe’? ﬁéf‘éﬂflsgﬂhgm 8&_?‘ fat the damage
in the active dgiodafitiiuringalid Baadfedtnb@ tb BetetittaiedBe &Y sthilifitpClonv@el ayer 7 as a
crystalline defect or a dislocation during the heat treatnent to

det eri orat e t etheg hans; when thethpat treptmentis condusted i e atmosphere otberiban t r eat nent

i's conducted i f r.4h n he damaged | ayer cannot
be conpletely °3%%§v@’§g9’?8%?}fyﬁ$’?’ te‘%e, &??P(la&és(lﬁ%ﬁ%ve eat treatnent step is
preferabl e to[bE7h heRirthth the @asniehebt treatBsht Gy Gepreferably thbegdsatat nospher e of

not | ower than 1050C for not |ess than two hours. \Wen the heat treating
t enper at ur'$ i STepRRARY inaRHXY RS @itrogen atmosphere of not lower than 1030°C for not

less than two hours. When the heat treating temperature is lower than 1050°C,
the sufficient bonding strength cannot be obtained, while when the heat treatment

is conducted in an atmosphere other than oxygen or nitrogen gas, the sufficient

bonding strength cannot be obtained at a heat treating time of less than two hours.
20 Incase of using a reducing gas, the etching on the surface of the active layer is

caused by such a gas.

[0018] Moreover, the cleaning solution used for the removale of the oxide

film is not particularly limited as long as it contains hydroflueric acid (HF), and

includes, for example, a cleaning solution comprising 0.1-50% by mass of one or
25 more organic acids selected from the group consisting of citric acid, succinic acid,

ethylenediaminetetraacetic acid, tartaric acid, salicylic acid, oxalic acid, acetic

acid and formic acid and 0.005-0.25% by mass of hydrofluoric acid.

[0019] In addition, the planarization heat treatment is a high-temperature

heat treatment using a reduction reaction for smoothening the unevenness of the
30 active layer surface, which includes, for example, a heat treatment at 1000-

1200°C in an argon or hydrogen atmosphere.

0020} Although the above is merely described with reference to an

embodiment of the invention, various modifications can be made within the



t he sufficient bonding strength cannot be obtai ned, while when the heat
treatnent is conducted in an atnosphere other than oxygen or nitrogen gas,
the sufficient bonding strength cannot be obtained at a heat treating tine
of less than two hours. 20 In case of using a reducing gas, the etching on
the surface of the active layer is caused by such a gas. [0018] Moreover,
the cleaning solution used for the rempval e of the oxide filmis not
particularly limted as long as it contains hydrofluoric acid (HF), and

i ncl udes, for exarrpl e,. a cleaning solution conprising 0.1-50% by nass of one
or 25 nore or d&ARSC Q&?lla'é‘mg@ect ed fromthe group consisting of citric acid,
succi nic acid,p %ih @ netetraacetic acid, tartaric acid, salicylic
acid, oxalic aci a id and formc acid and 0. 005-0. 25% by mass of
hydr of luoric acid. [ 0Ad 8kide filmdfll 50 om is foheeddreansiliconavifarfohamive layeat nent is a

hi gh-tenperatuyre heat atnment _using a re on reacti,on for snoothening
t he unevennesg‘ﬂwgﬁﬁ@""gé&a‘ﬁ‘ﬂ’%‘l °ré%}}81°g&§3'5m%$ﬂs|%m&é§e for exanpl e,
a heat treat "RiceR u&QO&z%@Oﬂﬁevn aaescawmh’/aﬁ MardiRgaRe FhEPRRAGER [ 0020]

Al t hough the above 1s ner described wth ref erence to an enbodi nent of
t he |nventlOnlawatﬁlbouéCdrthMﬂferafmmpport:al’osme methe hnndftdwafcmsubiectsicope of the

I nventi on. i.de fi mis don

silicon wafer ?8}‘ égé?t%nﬁ %§QQ®W£\H‘W§°B abT‘ Lgp?q;@@ YRS, cF Ceafter ions
of a hydrogen 1gAsydaigRn IdPInlEned porfiRC C The barde® va¥ed aftedRe c:?f@hahﬁ:\{as a dose:

| xI 017/ cn®), and then the wafer for active |ayer is bonded to a wafer for

support subst webiectedrioed hsatferatment ferkepping R 502G ian axygen Hmasphereder nent  at

500Cin a nitr hydr ogen

i on-i npl anl[bed gggﬂg?tg%%ﬁ%%%%%&%ét %P{@rn?g.{r?ere&ﬁ sgﬁcfeax#rkq%g?t %:ﬂiel S subjected
to a heat tredhrirpto &Matkmemoﬂkeeﬁﬁg@t10508m1mw@@@eﬁitmsmiawfarfor 10 90
m nutes wth g_vertical at treat ment furnace (first heat treatnent) and

further to a HQQF‘“E‘F%% spra¢ ‘P@égﬁ‘}tﬂﬁmeﬁmi%@@"m heat-trsaneatt at nosphere for
120 minutes W'AB’%T M&%céﬁ%cﬁ%ﬁnﬁernfﬁlg %J \gaﬂﬁﬁ%ﬁ%@ﬁﬁﬂﬁﬁ%ﬁ&{ eat ment ) .

After the seco heat treat nent wafer 1s immersed In HF sol ution
containing 0.5% by mass of citric acld as an organic acid and 0.01% by mass of

15 hydrofluoric acid (HF) to remove the oxide film and then subjected to a
planarization heat treatment at 1100°C in an argon atmosphere for 120 minutes to
produce a bonded wafer,

[0022) (Comparative Example 1)
A bonded wafer id produced in the same manner as in Example 1

20  except that the temperature of the first heat treatment is 950°C.

[0023] (Comparative Example 2)

A bonded wafer is produced in the same manner as in Example |
except that the atmospheric gas of the first heat treatment is argon.
[0624] (Comparative Example 3)

2§ A bonded wafer is produced in the same manner as in Example 1

except that the temperature of the second heat treatment is 1000°C.
[0025] (Exampie 2)

A bonded wafer is produced in the same manner as in Example 1
except that the atmospheric gas of the second heat treatment is nitrogen.

0 [0026] (Comparative Example 4)

A bonded wafer is produced in the same manner as in Example 1
except that the atmospheric gas of the second heat treatment is argon.
[0027]  (Comparative Example 5)



containing 0.5% by nmass of citric acid as an organic acid and 0.01% by nass
of 15 hydrofluoric acid (HF) to renove the oxide filmand then subjected to
a planarization heat treatnent at 1100C in an argon atnosphere for 120
mnutes to produce a bonded wafer. [0022] (Conparative Exanple 1) A bonded
wafer id produced in the sanme manner as in Exanple 1 20 except that the
tenperature of the first heat treatnentgi.s 950C. [00231 (Conparative Exanple
2) A bonded wafer is produced in the sanme nmanner as in Exanple 1 except
that the atnmospheric gas of the first heat treatnment is argon. [00241
(Conpar ati ve Exanpl e 3)popdsdvalerisproduged dn the sampe pgnres@s imExamplahme manner as

D ooxanple 1 et dgka S EINR SOl wliEeRceandiear (reat rent s

1000C. 100251 bonde roduced the same manner as
in Exanple | [6028¢pt (Coaipatatiee Bxamyplpberi c gas of the second heat treatnment

e
second heals treﬁ@etpmﬂﬁhb%xﬁ&ﬁﬁﬂonmgﬁcc(m’h@é 'aé@r T A -8- A bonded

wafer is produced 1n the same manner as in 1 except hat .t he

treating ti nmeimfmetsing is &Foolhtiopafter the ftstbent treatmmestdpcmd beforOhe8&copdonpar at i ve
Exanple 6) A r}g? {% I s produced in the sanme manner as in Exanple 1 5
except that tHE T¥Mn on the surface of the active layer is renoved by

i mrersing in ki |ut@muﬁﬂ6ﬁﬁeﬁl first heat treatnment step and before the
second heat treatnent ste 100291 (Eval uati on nethod) Each of the above
wafers to be tested |E,a0hwﬁﬂ1e§bqvq\ﬁafsust@b¢tn%m imagrsed dn FEsobyion 49 about 30

monutes, dyri rﬁgas% foP atdut SI(? %ﬁfgt\?mch A 40 e B lc¥led'iS the wafer is

observed by means of an optical microscope to calculate defect density per 1

square centimeter,  Also, the thickness uniformity of the active layer is |

calculated by measuring the thickness of the active layer with a thickness

measuring device and taking a difference between maximum value and minimum |
15  value of the thickness in the wafér, These measured results are shown in Table

1,

[0030].  Table 1 HF defect density and thickness uniformity of active layer in

Examples and Comparative Examples

HF defect density Thickness uniformity

(defects/cm?) (nm)
Example 1 0.052 1.84
Example 2 0.046 1.77
Comparative Example 1 0.25 2.53
Comparative Example 2 0.96 3.40
Comparative Example 3 0.54 3.36
Comparative Example 4 0.73 5.72
Comparative Example § 0.34 2.81
Comparative Example 6 0.78 5.20

20
[0031])  As scen from the result of Table 1, good numerical values of both the
HF defect density and the thickness uniformity of the active layer are obtained in
Examples 1 and 2 according to the invention as compared with those of the

bonded wafer in Comparative Example 6 according to the conventionat method.



observed by neans of an optical mcroscope to calcul ate defect density per |
square centineter. Al so, the thickness uniformty of the active |ayer is

cal cul ated by neasuring the thickness of the active layer with a thickness
measuri ng device and taking a difference between maxi num val ue and m ni num
15 value of the thickness in the wafer. These neasured results are shown in
Table 1, [00301 Table I HF defect density and thickness uniformty of
active layer in Exanples and Conparatie Exanpl es HF defect density

Thi ckness uniformty (defects/cn2) nm Exanple 1 0.052 1.84 Exanple 2
0.046 1.77 Conparative Exanple 1 0.25 2.53 Conparative Exanple 2 0.96 3.40
Conpar ati ve EXBe ather krndinComparatiypFaample J dn hetemperatuze gp“??

Conparative W&gﬂ : : : .20 20 [00311
As seen fromt @%@s@ﬁ&%ﬁe’%g%ego , 'go0 n%ﬁ%%%%%é?&ggﬁg? both the HF
def ect densi t \atraosphdrivegas bf thie fizg heatrnitchment is\a gak othletha bxygen,| ayer are obt ai ned
in Exanples and 2 a corcli n%%t ?qé? e invention as conpared with _those of
the bonded wifomPafaiveExayapie f iy whieh thafewperature of the srgordheahBeatyetdht i onal

met hod. - 9- t ° i is i i t he

t enper aturés 8‘1 m?ﬁghﬁfllwrsgtd]ﬁ%g{p ait.a? ggtgrre 1@2%53@%5%@@&%%;? ilﬁife Exanpl e 2
in which the setondbpdidrcatmegbis aghs other than exygbmar nitrogea arslnComparativgas ot her

t han oxygen, rative anple 3.in ich the tenperature of the second
heat treat rrentEcxgg’Bg 5?’8 °ht§ﬁ%ﬁpaﬂ5‘§ e %‘pﬁf?ﬂﬁ%&t %%Bﬁﬁ%éﬁﬂssi ich the

at mospheri ¢ gagwaf tht B@mersQE 0 GesN BbthithEBF MBRE defisity ARAShOhRhesshan oxygen or
nitrogen, and Conparative Exanple 5 in which the treating time of the

second heat t raifemmifyofitke gctive laypraye worse than those of Example 1 in which each
10 value is within the preferred range.

[0032])  According to this invention, there can be provided a method for
producing a bonded wafer in which the generation of defects in the active layer
can be suppressed and the thickness can be uniformized by continuously
conducting the first heat treatment step of sacrificial oxidation for reducing

15  damage on the surface of the active layer exposed by the exfoliation and the
second heat treatment step for enhancing the bonding strength under the

predetermined conditions.



hours, the nunerical values of both the HF defect density and the thickness
uniformty of the active |ayer are worse than those of Exanple 1 in which
each 1o value is within the preferred range. [0032] According to this

i nvention, there can be provided a nmethod for producing a bonded wafer in
whi ch the generation of defects in the active |ayer can be suppressed and
the thickness can be uniform zed by copl#puously conducting the first heat
treatment step of sacrificial oxidation tor reducing 15 damage on the
surface of the active |ayer exposed by the exfoliation and the second heat
treat nent st epVhasis deimgddsing t he bonding strength under the predeternined

conditions. -10- Wiat,is i 1 Sl od. for. produci ng _a bonded
waf er whi ch conpri ses]'a %?gﬁlogg‘?rérﬁ%qcéﬁﬁﬁgﬁf o‘r“{gf%wﬁlggﬁg%ﬁ?ge%?g%nt such as
hydrogen, hel iofimglentingdons dfa light elementwadteds Hybfogas; hieNigm bethellikainiéla

predeterm ned depth paosition to forman ion inplanted 5 | ayer, a step of
bondi ng t he wayaier ferpgctize layerat p predetermingd depthopositinn 18 fospoan ios implested e t hr ough

an | nsul atind thiel Wireh FBRuink ue Sk e s 3\ ot Gl 0t o

f
| ayer, a first ‘héat eat nen conducCting a sacr oxl dation for
reduci ng danabreuginarsinadatingddmoé stap oAetfolimink theewaferqi dtcidn trhplantgd t he
exfoliation and a econd heat treatnent step of_raising a_bondihg strength,
Th whi oh the. JEEbAdITHeAIRARENS SERS ?OBQP%‘Biassﬂﬁfbﬁ&'ﬁr?&tﬂa ?‘gxf%éﬁﬁ’&&‘eged aft er

the first heatdaﬁxﬁ?fé/ﬂé@ aaéé@ﬁné&i%‘ﬁ%roegtﬁ‘?%ﬂﬂ?& %Q&féﬁadohlaaagor med on the

surface of the ac yer. 2. Ane r produci ng a bonded waf er
accordi ng to ckainghhgat trestirentitep ofraisigndondieg strangdpimwhich dtespcdnd a heat

treatnment jn an aoxygen atnpsphere .of not highe h 0C. 15 3. A nethod
for pr oduc‘ong atﬁffﬁ&‘_ﬁﬁ“ @rcgﬁt&%?‘ﬂy ﬁ%"d:')’f)teﬂ I“g?rr#“f hﬁ?ﬂ%?ge?%wgatm the second
heat treat mentwitogiremdviag AR Bkidt FifA formiel of Mdmehebfithe ive iy¥Hen or nitrogen
at nosphere of not |[ower than 1050C for not |ess than 2 hours.
2. A method for producing a bonded wafer according to claim 1,
wherein the first heat treatment step is a heat treatment in an oxygen atmosphere
of not higher than 900°C.
15 3. A method for producing a bonded wafer according to claim 1 or 2,
wherein the second heat treatment step is a heat treatment conducted in an
oxygen or nitrogen atmosphere of not lower than 1050°C for not less than 2

hours.





